The induction of activity of several steroid dehydrogenases during adaptive growth of Pseudomonas testosteroni on testosterone (1 7p-hydroxyandrost-4-en-3-one) has been described by Talalay (1965), and Michel-Briand (1969) has carried out a detailed study of the induction of 3a-hydroxy steroid-NAD+ oxidoreductase in the same organism. Watanabe et al. (1973~) have demonstrated the presence of these enzymes, together with specific steroid-binding proteins, in osmotic-shock-fluid preparations from induced cells. Degradation by aerobic micro-organisms of bile acids to 4-en-3-one and 1,4-dien-3-one structures has been reviewed by Hayakawa (1973), and Hill (1974) has demonstrated the anaerobic dehydrogenation of deoxycholate (3a, 12cx-dihydroxy-5,8-cholanic acid) by Clostridium paraputrijhm. We have isolated a number of metabolites from deoxycholate-grown cultures of Pseudomonas N.C.I.B. 10590 (Barnes et al., 1976). The major products, which accumulated under both aerobic and anoxic conditions, were 12a-hydroxy-3-oxopregna-I ,4-diene-20-carboxylic acid and 12~-hydroxyandrosta-l,4-diene-3,17-dione. Analysis of anoxic cultures revealed a coupling between steroid dehydrogenation and nitrate reduction (Barnes eta[., 1975) . Here we report on the induction, by three potential intermediates in deoxycholate breakdown, of oxygen uptake in washed- Vol. 5
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BlOCHEMlCAL SOCIETY TRANSACTIONS cell suspensions of deoxycholate-or glycerol-grown cells. The presence of steroid dehydrogenase activity in osmotic-shock-fluid preparations is also discussed. Cell suspensions of deoxycholate-grown cells in mid-exponential phase were washed and resuspended in buffered minimal medium. Ozuptake was measured in a Gilson differential respirometer; each flask contained 1 .Om1 of cell suspension (5 x lo9 cells), 1 pmol of substrate, 1 ml of 10mM-phosphate buffer, pH7.5, and0.2ml of ~M -K O H in the centre well. Non-induced cells were pre-grown on 1 % (v/v) glycerol minimal medium. Induced cells oxidized cholate, deoxycholate, 3a-hydroxy-5/3-cholan-24-oic acid and several neutral CI9 steroids without a lag. 3,12-Dioxo-5~-cholan-4-oic acid and 128-hydroxyandrosta-l,4-diene-3,17-dione were also rapidly oxidized, but interestingly I2a-hydroxy-3-oxopregna-l,4-diene-20-carboxyIic acid did not stimulate O2 uptake with induced cells (Fig. I ). Moreover 12a-hydroxy-3-oxopregna-l,4-diene-20-carboxylic acid, unlike deoxycholate, is a poor carbon source for the pseudomonad and in anoxic cultures it is converted into 12j?-hydroxyandrosta-l,4-diene-3,17-dione only after prolonged incubation. These results indicate that 12a-hydroxy-3-oxopregna-1,4-diene-20-carboxylic acid is not a direct pathway intermediate in the conversion of deoxycholate into l2~-hydroxyandrost-l,4-diene-3,17-dione. Epimerization at C-12 is a necessary prerequisite for the formation of 17-0x0 steroid, which has a l2j?-hydroxy group. However, the equilibrium of the 12-hydroxy epimerase reaction favours the 12a-configuration, since anoxic cultures yielded 12a-hydroxy-3-oxopregna-I ,4-diene-20-carboxylic acid as the major product from 3,12-dioxo-5/3-cholan-4-oic acid. Washed, non-induced cell suspensions oxidized deoxycholate after a lag period of 10h. This lag was decreased to 50min with 3,12-dioxo-5/3-cholan-4-oic acid as substrate. Experimental details are described in the text. 0, 3a-Hydroxy steroid dehydrogenase activity was measured at 340nm with the initial addition of 2pmol of NAD+ and 1 pmol of 3a-hydroxy-5a-androstan-17-one. 0 , 178-Hydroxy steroid dehydrogenase activity was measured as above, but with 1 pmol of testosterone as substrate. The formation of 1,4-dien-3-one steroids was measured by AA252, with deoxycholate (A) and 3,12-dioxocholanate (0) as substrate. Additions of 2pmol of NAD+ (after 20min) and 5pmol of K N 0 3 (after 30min) are indicated by arrows. 571st MEETING, DUBLlN Watanabe et al. ( 1973a,b) demonstrated the induction of dehydrogenase activity in Ps. testosterorzi after incubation for 9h with inducer. Our results for 3a-hydroxy steroid dehydrogenase induction are comparable, but the nuclear dehydrogenases appear to be synthesized much more rapidly when the 3-0x0 bile acid is the inducer. These oxygenuptake values therefore suggest that 3a-hydroxy steroid dehydrogenase induction is the rate-limiting step in the oxidative catabolism of deoxycholate.
Periplasmic fluid was prepared by the method of Watanabe et al. (19736) and modified as follows: deoxycholate-grown cells were centrifuged at lOOOOg for LOmin at 4°C and washed twicewitho. I ~-Tris/HCl, pH 8.5. Packed cells (1 g) were resuspended in 40ml of 30 % (w/v) sucrose in 50m~-Tris/HC1 buffer, pH8.5. EDTA was added to a final concentration of IOmM. The suspension was incubated with gentle shaking for 20min at 25°C. The cells were harvested by centrifugation, rapidly resuspended in lOml of buffer ( I mM-Tris/HCI, pH8.5, 0.5m~-MgC1, and 1 m~-dithiothreitol) and stirred gently at 4°C for 20min. Cells were removed by centrifugation, and the resultant osmotic-shock fluid was used without further purification. The reduction of NAD+ was used to measure 3a-hydroxy steroid dehydrogenase activity, and increase in Azsz was used to demonstrate A'-and A4-hydroxy steroid dehydrogenase activity. Cuvettes contained 2.8ml of 0.1 M-Tris/HCl buffer, pH8.5 and 0.I ml of shock fluid (4.0mg/ml of protein). The reaction was started by the addition of 1 pmol of bile acid substrate. Very low AA252 was observed in the absence of added NAD+ or KNO, (Fig. 2) . Addition of 2pmol of NAD+ per cuvette caused an increase in the AA252 when deoxycholate, but not 3,12-dioxocholanate, was the substrate. Addition of 5pmol of K N 0 3 caused an additional stimulation to NAD+-treated deoxycholate incubations and also increased the rate of dehydrogenation of 3,12-dioxocholanate. This is the first report of the direct stimulation of nuclear steroid dehydrogenase activity by nitrate in cell-free preparations. The mechanism of the coupling between steroid oxidation and nitrate reduction and the identity of the cofactors remain to be elucidated. Chick-embryo myoblasts, when grown in culture on a collagen substratum, first form linear arrays of aligned cells and then fuse to form syncytia, which eventually develop into contractile myotubes. This system is useful for the investigation of the biochemical changes occurring during the later stages of cell differentiation. There have been several reports of changes occurring at the cell surface of myoblasts. Whatley et al. (1976) , who used a permanent rat myoblast line, showed that there was an increase in a ganglioside (GDla) before fusion, and suggested that this may be involved in control of the cell-fusion process. Other workers have shown that a mammalian carbohydrate-binding protein with agglutinating properties is present in developing myoblasts (Teichberg et al., 1974; Den et al., 1976) . The purpose of the present study was to measure the biosynthesis of glycolipids in chick-embryo myoblasts in relation to the differentiation process.
